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(54) IVIulti-beam receiving apparatus 

(57) In a multi-beam receiving apparatus, radio re- 
ceiving sections receive radio signals through antenna 
elements. Correlators calculate code correlation values 
of desired wave signals contained in reception signals 
output from the radio receiving sections. Each first beam 
formation device forms a beam on the basis of all out- 
puts from the correlators. Delay profile estimation sec- 
tions Individually generate delay profiles on the basis of 
the outputs from the first beam fomnation devices. A de- 
tector detects, on the basis of the outputs from the delay 
profile estimation sections, a reception timing of a mul- 



tipath formed from the beams. Demodulators demodu- 
late all the reception signals output from the radio re- 
ceiving sections at the detected reception timing. Each 
second beam formation device fomns a beam on the ba- 
sis of all demodulation outputs from the demodulator. A 
synthesizer synthesizes the outputs from the second 
beam formation devices after weighting. A beam weight 
control section weights, by a beam weight, the output 
from each correlator for each first beam formation de- 
vice and weights, by a beam weight, the output from 
each demodulator for each second beam formation de- 
vice. 
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Description 

Bacl<qround of the Invention 

[00011 The presentinvention relates to a base station in a mobile communication system usinga direct spread CDIVIA 
Icode Division Multiple Access) and. more particularly, to a mufti-beam receiving apparatus .n the base station, which 
rpceives a radio sianal from a mobile station. *u u 

oS 7 shows a sector receiving apparatus for receMng a radio signal corresponding to one user .n the base 
station of a CDMA mobile communication system using a conventional sector antenna. Referring to F,g^ 7 to receive 
a radio signal of one sector corresponding to one user, nomially, diversity reception using two antennas 50 , and SOIg 
fs pels Signals receh^ed by the antennas 501 , and 501 , are frequency-converted into intem^ed.ate frequencies 
by radio receiving sections 502, and 602^, respectively, and then, subjected to automatic gam amplification. The am- 
pHf led reception signals are further detected to the baseband signals of l/Q channels by the radio receiving sec ions 
sorand 5ot us^^^^ quadrature detection and then converted into digital signals by an A/D converter. The outputs 
from the radio receiving sections 502^ and 502^ are sent to a searcher section 500 and finger section 5 0. 
0M31 n the Sarcher section 500 the code correlation values of desired wave signals contained in the reception 
Ss a e emulated by correlators 503, and 503,. and delay profiles are generated by delay profile estimation sec- 
Zs 50rand 504^ on \he basis of the calculation results. A path detection circuit 505 detects the recep ion timings 
o?the r^u tipath signals from the generated delay profiles (the maximum number of detected paths equals the number 
ordemodir^ 511 in the finger section 510) and nofrfies the finger section 510 of the detected reception timings as 
a reception timing notification signal E. ^ c^o ..^;r,« th« 

ro0041 The finger section 510 despreads the signals from the radio receiving sections 502, and 502^ using the 
ecep ion timing' otificatlon signal E and antenna number notification signal F output from the Pf ^-^^ 
505 That is an antenna is selected in accordance with the antenna number notification signal F, and each path is 
25 despread at a timing notified by the reception timing notification signal E. The despread signals are synthesized by a 
maximum ratio synthesizer 51 2 and sent to a decoding circuft 520. H<.Hi^ateri to 

rooOSl As the antennas 501 , and 501 2. sector antennas shown in Fig. 8 are used. A sector antenna is ded cated to 
Lne 0 a Su^ of sectors ol^talned by'divlding the periphery (cell) of 360'. When a cell is divided '"to secto^. any 
interference waves that arrive from mobile stations outside a sector can be removed, and interference wrth the mobile 

30 stations outside the sector can be reduced. station Rn? nf a 

[0006] However, when the cell is divided into a plurality of sectors, an arriving wave frorr, a '"^^^^^f^ 

certain user in a single sector becomes an interference wave forthe desired wave of another mobile station 601 , as 

Shown in Fig. 8 sTch an interference wave decreases the radio channel capacity and also degrades the transmission 

35 m07] For this reason, when the number of sectors is Increased in order to improve the quality and increase the 
Opacity Of such a mobile communication system, the number of times of hand-over between the sectors increases 
along Jththeincrease in number of sectors. This decreases the radio Channel capacfty.Additionaly^s.^^^^^^^ 
in the number of sectors directly results In an Increase in the number of antennas or receivers, the scale and cost of 



40 



the system increase. 
Summary of the Invention 



[0008] It is an object of the present Invention to provide a mufti-beam receiving apparatus which allows a high quality 
and large capacity in a mobile communication system wfthout decreasing the radio channel capacity or increasing the 

4-5 scale and cost 

[00091 in order to achieve the above object, according to the present invention, there is provided a multi-beam re- 
ceiving apparatus comprising a plurality of antenna elements, a plurality of radio receiving means for receiving radio 

r nals Sgh the ant'ennaVments, respectively, a plurality of correlation means for cateu.atng - e — ^^^^ 
values of desired wave signals contained in reception signals output from the radio receding 
50 beam formation means for individually fomiing beams on the basis of all outputs from the correlation r^eans. a pluraWy 
ofdelarrofile means for individually generating delay profiles on the basis of outputs from the first beam format on 
mear^s dSon means for detecting on the basis of outputs from the delay profile means, a reception timmg o a 
^^path orS^e" from the beams f o^ed by the first beam formation means, a pluralfty of ^^-^-^^^^^^^^^l^^ 
demodulating all the reception signals output from the radio receiving means at the reception timing detected by the 
55 detection means, a plurality of second beam formation means for individually forming beams on the basis^of all de^ 
modulation outputs from the demodulation means, synthesis means for synthesizing outputs from the sec^^^^^^^^^^^ 
fomiation means after weighting, and beam weight control means for weighting, by a beam weight each ou^u rom 

he correlation means for each of the first beam fomiatlon means and weighting, by a beam weight, each output from 
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the demodulation means for each of the second beam fomnation means. 
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Brief Description of the Drawings 
5 [0010] 

Fig, 1 Is a block diagram of a multi-beam receiving apparatus according to the first embodiment of the present 
invention; 

Fiq 2 is a blocic diagram of a beam fomnation device shown In Fig. 1 ; 
10 Fiq 3 is a graph showing the characteristics of beams received by the multi-beam receiving apparatus; 

Fig. 4 is a block diagram of a multi-beam receiving apparatus according to the second embodiment of the present 

invention; , . 

Fig. 5 is a view showing the beam reception situation in the multi-beam receiving apparatus; 
Fig. 6 is a blocl< diagram of a radio receiving section shown in Fig. 1 ; 
15 Fiq 7 is a block diagram of a conventional multi-beam receiving apparatus; and 

Fig! 8 is a view showing the beam reception situation in the conventional multi-beam receiving apparatus. 

Description of the Preferred Embodiments 

r001 1 1 The present invention will be described below in detail with reference to the accompanying drawings. 
0012 Fig 1 shows a multi-beam receiving apparatus according to the first embodiment of the present invention. 
The multi-beam receiving apparatus of this embodiment is the receiving apparatus of a mobile communication system 
using the direct spread CDMA scheme and implements a mLiltl-beam system which fomis a plurality of beams using 
an array antenna having a plurality of antenna elements. . , ^ -ru ,« k=o,^ 

r001 31 Fiq 1 shows the receiving apparatus of a fixed multi-beam system for generating four beams. The multi-beam 
receiving apparatus of this embodiment comprises n antenna elements 101^ to 101„. n radio receiving sections 102i 
to 102 for converting RF (Radio Frequency) signals received by the antenna elements 101 , to 1 01 „ into digital base- 
band signals a searcher section 100 for detecting the position (timing) of a path for each beam, a finger section 10 
for pertomiing despreading at the timing detected by the searcher section 100 and then perfomiing maximurn ratio 
synthesis, and a beam weight control section 1 1 4 for setting a predetemilned beam weight (complex weight) for each 

rooi 41 The searcher section 1 00 comprises n correlators 1 03^ to 1 03„ for receiving the outputs from the radio re- 
ceiving sections 102, to 102, respectively, beam fomiation devices 104^ to I044 arranged in number equal to tha of 
beams (four beams) to be generated, delay profile estimation sections 1 05, to 1064 for receiving the ou^u s rom he 
beam fomnation devices 104, to 104^. respectively, and a path detection circuit 1 06 for receiving the ouj^ts from the 
delay profile estimation sections 1 05, to 1 05^ and outputting a reception timing notification signal A and beam number 
notification signal B to the finger section 110. ,»„tu„, 
r0015l The finger section 110 comprises demodulators 111, to III4 which are provided in number equal to that of 
beams and commonly receive all the outputs from the radio receiving sections 1 02, to 1 02, beam formation devices 
112, to 112^ for receiving the outputs from the demodulators 111, to III4. and a maximum ratio synthesizer 113 fo 
receiving the outputs from the beam formation devices 112, to 11 24 and outputting a maximum ratio synthesis signal 
to a decoding circuit 120. The reception timing notification signal A and beam number notification signal B are input to 
the demodulators 111, to llUandbeamfomiatlon devices 112, to 1124. ...^ . hho 

r0016] As described above, in this embodiment, the beam formation devices 104, to 1044and 112, to 1 1 24 are added 
to the searcher section and finger section of the conventional receiving apparatus shown in Fig. 7, and the beam weight 
control section 114 for setting a beam weight for each beam formation device is ^°n^"^°"'y PJ^'^f^'l^^Vthtfinrr 
formation devices 1 04, to 1 044 of the searcher section 1 00 and the beam fomiation devices 1 1 2, to 1 1 24 of the finger 

rooi'?]" ^The beam formation devices 104, to IO44 of the searcher section 100 are provided In number equal to that 
50 of beams to be generated, and each of the beam fomiation devices 104, to I044 receives the correlation values of 
Input signals from allthe antenna elements101,to101,Thebeamformation devices 112, to1124ofthehnger section 

110 are provided in number equal to that of demodulators 111 , to III4. and the outputs from the demodulators 111, 
to llUare input to the beam fomiation devices 112, to 11 24. respectively. Each beam fomnation devices 104, to IO44 
and 112, to 1124 generates a beam by multiplying the input l/Q correlation value by a beam weight set by the beam 
55 weight control section 114, ^..^ » 1 ^ ^ 

[001 81 Fig 2 shows the arrangement of each of the beam fomnation devices 1 04, to 1 044 and 1 1 2, to 1 1 24 included 
in the searcher section 100 and finger section 110. Each beam formation device comprises (4 x n) multipliers 201a 
and 201 b (2 X n) adders 202. and two accumulators 203 for adding and synthesizing n l/Q outputs in orderto calculate 
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a romolex oroduct sum for the n antenna elements. 

[OOlS ^he op^^^^^^^^ of the multi-beam receiving apparatus having the above arrangement will be described next. 

0020 RF inals received by the antenna elements 101, to 101 „ are sent to the corresponding radio receiving 
Sns V02! ?o 102 , respectively. In each of the radio receiving sections 102, to 102„. the received RF signal ,s 

r^^c co^ierted imo an intemiediate frequency by a frequency conversion 

Quency Jgnal Is amplified by an automatic gain amplifier 12. The signal is detected to the baseband signal of an l/Q 
2han7ei?y an orSi^gonal detector 13 using quadrature detection, converted Into a digital signal by an PJD converter 

IomT "iToutputs from the radio receiving sections 102, to 102„ are sent to the searcher section 100 andjnger 
section 110 Upon receiving the output signals from the radio receiving sections 102, to 102„. the correlators 103, to 
1 03 of the searcher section 1 00 calculate the code correlation values of desired wave signals contained in the reception 
signals and output the code correlation values. The n outputs from the correlators 1 03, to 1 03„ are commonly sent to 
S beam formation devices 104, to 104,. In the beam fomiation devices 104, to 104,, the values are weighted by 
beam weight. The beam weight for each of the beam fomnatlon devices 104, to 104, is preset by the beam weight 

[0M2] '?fg°2 rows details of each of the beam fomiation devices 1 04, to 1 04, of the searcher section^ Referring 
to Fig 2. each of the beam fomiation devices 104, to 104, comprises a pair of first multiplie^ 201 a rnultiply ng he 
/Q Signal input for each antenna by a beam weight l(m,n), a pair of second multipliers 201b for ^ul tip ying the /Q 
signaLput for each antenna by a beam weight Q(m.n), a pair of adders 202 for adding the -tpute f ^^^^^^^ fi^t 
multipllels 201a and the Q/l outputs from the second multipliers 201b, and a pair of accumulators 203 for adding and 
synthesizing the l/Q outputs from the adders 202 for the respective antenna elements. 

[0023] in each of the beam fomiation devices 1 04, to 1 04, having the above arrangement, anthmetic operations are 
perf onned using the multipliers 201 a and 201b and the adders 202 between a beam weight w(m n) including the beam 
weights 1/Q(m n) and the code correlation values of the desired wave signals (l/Q) received by the antenna e emente 
10Mo10lUnd calculated forthecorrelators103,to103„. The obtained calculation results forthe antenna elements 

101 1 to 1 01 n are output to the accumulators 203 and added and synthesized. 
[0024] The beam weight w(m,n) is given by 



w(m,n) = exp{Jx2K(m - 1) (n - 1) / s + jji (n - 1) / 1} 



(1) 



where m is the beam number (number of beam fomnation device), n is the antenna element number, s is the number 
ofbeams. and t is the number of antenna elements. .„h«,».„ritton 
[0025] For example, when four beams are to be generated using four antenna elements, equation (1 ) can be rewntten 

to 



w(m.n) = exp{jx27i(m - 1) (n - 1) / 4 + j7c(n - 1)/4} 



(2) 



For example In the beam formation device with the beam number m = 1 . the beam weight w(m.n) to be multiplied by 
the signal from the antenna element with the antenna element number n = 1 can be obtained by substrtuting "1" into 

[Q026] " Whence cofrelation value outputs from the antenna elements 1 01 , to 1 01 „ are multiplied by the beam weights 
by the beam formation devices 1 04, to 1 04, of the searcher section 1 00 and then synthesized, the phase be^een he 
outputs from the antenna elements 1 01 , to 1 01 „ is corrected. Each of the beam fomiation devices 1 0 Vo 1 M4 of the 
searcher section 100 generates one beam in accordance with the l/Q output and outputs the generated beam to a 
corresponding one of the delay profile estimation sections 105, to 105,. ^ . 

r00271 Fig 3 shows the beam patterns of four beams individually output from the beam fomnation devices 104, to 
104, of the searcher section 100. Referring to Fig. 4, beams a to d are output from the beam fomiation devces 104, 

IoomY On the basis of the beams a to d output from the beam fomiation devices 104, to 1 04, of the searcher section 
00, the delay profile estimation sibtions 105, to 105, generate delay profiles and output prof es to the pa^h 
detection circuit 1 06. The path detection circuit 1 06 detects an effective path from the delay profiles of the respec ive 
beams and sends to the finger section 110 the reception timing notification signal A and beam number notification 

signalB, which represent the timing and beam number. ^„„«^^,„„H,,iQtAr 
[00291 Asdescribedabove.thefingersection110hasthepluralltyofdemodulators111,to111„andonedemodulator 

ts assigned to one path (reception timing) . One demodulator receives all the digital baseband signals from the antenna 
elements 101, to 101 „ and demodulates the digital baseband signals at the timing indicated by the reception timing 
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notification signal A. The outputs from the demodulators 111i to 11U are output to the beam formation devices 112, 
to mf mu P ed by beam weights by the beam formation devices 112, to 112,. and added and synthesized^ 
roOSoT The beam fomiatlon devices 112, to 112, of the finger section 110 have the same arrangement as that o the 
Eor^^n dTv^ces 104, to 1 04, of the sea,x:her section 100 shown in Fig. 2. As a beam weightto bemul, plied, 
fvaTue^lSed using equation (1) in accordance with the beam number of the path notified by the path detection 
d^c 10 s otSineTfrom' the beam weight control section 114. The signals obtained by addition and synt es. by 
thebeamfom,ationdevices112,to112,aresenttothemaximumratiosynthesizer113.Themax,mumratiosynthesi2er 

113 we^ht^hf output signals from the beam formation devices 112, to 112, on the basis of a preset degree of con- 
fidence. The weighted output signals are synthesized and output to the decoding circuit 1 20. 
[0031] AS described above, in this embodiment, the conventional sector is divided into the plurality of beams a b, 
c. and d as shown in Fig. 5. and the respective beams are weighted such that the peak position of a cejain beam has 
the null points of the remaining beams, as shown in Fig. 3. That is. referring to Fig. 3, null points o of the beams b c^ 
and d are located at a peak posrtion a1 of the beam a. null points r of the beams a, c d are o^f ^ «t a Peak 
position b1 of the beam b, null points p of the beams a. b. and d are located at a peak position c1 of the beam c. and 
null points q of the beams a, b, and c are located at a peak position d1 of the beam d. 

[00321 Even in a single Sector, when a signal of another beam is received, interference from another user can be 
eliminated. In addftion. when a signal is transmitted in the direction of a beam of '^1"^'^^;^'^^!°: Z^tlZ 
ference in transmission from the base station to the mobile station can also be reduced. When such a multi-beam 
receiving apparatus is used in the mobile communication system, the conventional problems in the multiple sectors 
can be solved, and a system with a higher quality and larger capacity than those of the conventional system can be 

iST' inte multi-beam system, the beams need not be adaptively controlled. Hence, the beam weight set by the 
beam weight control section 114 is originally a constant. However, in the system using an array ^"^""f; 9!"«;j"y' 
the variation amounts containing phase variations and amplitude variations in the respect^e ^^^io receiving seo^^^^^^^ 
individually differ due to the element delay characteristfe and amplitude characteristic of the amplifier and fitter as the 
components of the radio receiving section or change due to a variation In temperature f /^t^^rnlnLm nen 
this reason, when the beam weight calculated from equation (1) is merely used as a constant, the beam pattem gen- 
erated by the beam formation device may be different from the expected beam pattem. 

[0034] Hence, a demand has arisen for output of a desired beam pattem even when the vanation amount of the 
radio receiving section connected to each antenna element varies. 

[0035] Fig.4showsamulti-beamreceivingapparatusaccordingtothesecondembodimentofthepresent,nv^^^^^^^ 
n the second embodiment, a calibration device 1 1 5 for sending to radio receiving sections 102, to 1 02„ a calibra on 
signal substantially in the same frequency band as that of a spread signal used for spectrum spread communication 

is added to the first embodiment shown in Fig. 1 . ^^^t!^r,o 
[0036] AsshowninFig.4.thecalibratlondevlce115transmitsacallbrBtionsignalDtoalltherad.oreceivingsect.on^ 

02, to 102 extracts the outputs from the radio receiving sections 102, to 102„, and compares the outputs^ The 
calibration device 115 calculates a calibration coefficient C for each of antenna elements 1 01, to 101„ in accordanc^ 
with the comparison result and notifies a beam weight control section 1 1 4 of the calculated calibration coefficient C at 
a predetemnined period (calibration cycle). , . .. mx ^wth^z-aiihratinn 

[00371 The beam weight control section 1 1 4 multiplies a complex weight calculated by equation (1 ) by the calibration 
coefficient C received from the calibration device 115 to update the beam weight. The calibration coefficient is a cor- 
rection value forcorrecting the variation in variation amount of the radio receiving sections 1 02, to 1 02 corresponding 
to the antenna elements 1 01 , to 1 01 „ and a complex value containing phase infonriatlon and ampHtude '"forma lon^ 
[0038] As described above! in the second embodiment, the beam weights are updated every calibration eye e using 
the caibrationcoefficientCthat is calculated by thecalibrationdevice115forthe radio receiving sec^^^^^^^^ 
Consequently, the variation between the radio receiving sections 102, to 102„ is compensated simultaneously wrth 
beam formation, so a desired beam can be accurately output. ho HiwiH*.H into a 

[00391 As has been described above, according to the present invention, one sector of a cell can be divided into a 
plurally of beams and communicated. In addition, interference from another user with the ^^^^J^^^-^f;"" f °' 
each beam can be reduced. As a result, when the multi-beam receiving apparatus of the present inventKJn is appi ed 
to the base station of a mobile communication system, interference from another mobile station can be el|rn|nated 
without dividing a cell into a larger number of sectors, and any increase in the number of times of 
the sectors can be suppressed. Hence, a system having a higher quality and larger capacity can be implemented 
without decreasing the radio channel capacity or increasing the scale and cost. . . . ^ , . ,„.^:„«h 

[00401 In addition, the beam weight is updated on the basis of a calibration coeff icient calculated at a predeteimined 
period. For this reason, even when the variation amount of each radio receiving section varies, the vanation can be 
compensated, and a desired beam can be accurately fomied. 
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Claims 



1 . A multi-beam receiving apparatus characterized by comprising: 
a plurality of antenna elements (1 01 ^ - 1 01 n); 

a plurality of radio receiving means (102^ - 102 J for receiving radio signals through said antenna elements, 
respectively" 

a plurality of correlation means (103i - 103 J for calculating code correlation values of desired wave signals 
contained In reception signals output from said radio receiving means; 

a plurality of first beam formation means (1 04^ - 1 044) for Individually fomning beams on the basis of all outputs 

from said correlation means; ^ ... * * * 

a plurality of delay profile means (1 05^ - 1 064) for individually generating delay profiles on the basis of outputs 

from said first beam formation means; , 
detection means (1 06) for detecting, on the basis of outputs from said delay profile means, a reception timing 
of a multipath formed from the beams formed by said first beam formation means; 

a plurality of demodulation means (111^ - III4) for demodulating all the reception signals output from said 
radio receiving means at the reception timing detected by said detection means; 

a plurality of second beam formation means (112^ - 11 24) for individually forming beams on the basis of all 
demodulation outputs from said demodulation means; 

synthesis means (1 1 3) for synthesizing outputs from said second beam fomnation means after weighting; and 
beam weight control means (114) for weighting, by a beam weight, each output from said correlation means 
for each of said first beam formation means and weighting, by a beam weight, each output from said demod- 
ulation means for each of said second beam fomiatlon means. 

2. An apparatus according to claim 1 , wherein said beam weight control means perfomns weighting by a beam weight 
preset for each output from said correlation means and demodulation means. 

3. An apparatus according to claim 1 , wherein 

said apparatus further comprises calibration means (115) for calculating, at a predetermined period, a calibra- 
tion coefficient used to correct a variation in variation amount including a phase and amplitude of the reception 
output from said radio receiving means and notifying said beam weight control means of the calibration coef- 
ficient, and 

said beam weight control means sets the beam weight to be given to each output from said correlation means 
and demodulation means on the basis of the notified calibration coefficient. 

4. An apparatus according to claim 1 , wherein 

said first beam formation means multiplies the code correlation value of each desired wave signal calculated 
for each of said correlation means by a corresponding beam weight set by said beam weight control means, 
and adding and synthesizing products to fomi the beam, and 

said second beam formation means multiplies a demodulation value of the reception signal for each radio 
receiving means, which Is output from said demodulation means, by a corresponding beam weight set by said 
beam weight control means, and adding and synthesizing products to fomn the beam. 

5. An apparatus according to claim 1 , wherein each of said radio receiving means comprises 

a frequency conversion section (1 1 ) for frequency-converting a CDMA reception signal through a correspond- 
Ing one of said antenna elements into an intennedlate frequency, 

a quadrature detector (13) for detecting the intermediate frequency signal output from said frequency conver- 
sion section to a baseband signal of l/Q channels by quadrature detection, and 
an A/D converter (14) for converting an l/Q output from said quadrature detector Into a digital signal. 

6. An apparatus according to claim 5, wherein each of said first beam fomnation means comprises 

a pair of first multipliers (201 a) each for multiplying the I/Q code correlation value of each desired wave signal 
calculated for each of said correlation means by a first beam weight, 

a pair of second multipliers (201 b) each for multiplying the l/Q code correlation value by a second beam weight. 
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a pair of adders (202) for adding l/Q outputs from said second multipliers to l/Q outputs from said first multi- 

a paTr'oTaccumulators (203) for adding and synthesizing l/Q outputs from said adders for each of said antenna 
elements. 

7. An apparatus according to claim 5. wherein each of said second beam fomiation means comprises 

a pair of first multipliers (201 a) each for multiplying the l/Q demodulation value of the reception signal for each 
radio receiving means, which is output from said demodulation means, by a first beam weight 
a pair of second multipliers (201b) each for multiplying the l/Q demodulation value by a second beam weight, 
a pair of adders (202) for adding l/Q outputs from said second multipliers to l/Q outputs from said first multi- 

a paTr oTaccumulators (203) for adding and synthesizing l/Q outputs from said adders for each of said antenna 
elements. 

8. An apparatus according to claim 1 , wherein 
said radio receiving means and correlation means are provided In number equal to that of antenna elements, 

said first and second beam formation means, delay profile generation means, and demodulation means are 
provided in number equal to that of beams to be formed. 

9. A multi-beam receiving apparatus characterized by comprising: 

25 apluralityof antenna elements (101, -101 n); . , ,u u ^ t^^^o »i» 

a plurality of radio receiving sections (102, - 102^) for converting reception signals through said antenna ele- 
ments into digital baseband signals of l/Q channels; 

a searcher section (100) for multiplying each correlation output from said radio receiving sections by prede- 
termined beam weights to fomi a plurality of beams on the basis of results, and detecting a timing of a path 
30 for each beam on the basis of a delay profile obtained from each of the fomned beams; 

a finger section (110) for demodulating each output from said radio receiving sections at each timing detected 
by said searcher section and synthesizing results obtained by multiplying demodulated signals by predeter- 
mined beam weights; and . l. . ,i 
a beam weight control section (114) for setting the predetennlned beam weights for said searcher section and 

35 finger section. 

10. An apparatus according to claim 9, wherein 

saidsearchersectloncomprises aplurality of firstbeamfomiation devices (104, - 1044) for individually forming 
the beams on the basis of results obtained by multiplying all correlation outputs from said radio receiving 
sections by the predetennlned beam weights, and . t. 

saidfinger section comprises a plurality of second beam fomiation devices (1 1 2^ - 11 24 ) forfomiing the bearns 
on the basis of results obtained by multiplying all demodulation outputs from said demodulation means by the 
predetennlned beam weights. 
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